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(57) ABSTRACT 

The invention relates to an X-ray examination apparatus 
which can be imiversally used for X-ray fluoroscopy and 
X-ray exposures. It includes a tillable patient table, a hori- 
zontally displaceable stand on which an X-ray source is 
mounted so as to be vertically displaceable, and a coupling 
member which couples. the stand or the X-ray source to the 
image converter arrangement provided in the patient table. 
Depending on the type of coupliog, either X-ray fluoroscopy 
and Budcy exposures or slice exposures are possible. 
Furthermore, other exposure modes can be performed when 
the stand is decoupled from the coupling member. 

11 Claims, 8 Drawbig Sheets 
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X-RAY EXAMINATION APPARATUS exposures can be perfonned by means of the X-ray source 

PROVIDED WITH A TILTABLE PATIENT on a separate image pick-up device, for example mounted on 

TABLE a Bucky wall stand; the beam path may then extend hori- 
zontally and parallel to the direction of displacement of the 

All references cited herein, as well as the priority docu- 5 stand. Another embodiment enables adaptation to different 

ment German Patent Application 19728108.7 filed Jul. 2, paticntsizcs, A further embodiment enables X-ray exposures 

1997, are incorporated herein by reference in their entirety with a beam path extending horizontally and pcipcndicularly 

and for all purposes to the same extent as if each individual to the longitudinal direction of the table, 

publication or patent or patent application was specifically Another embodiment offers the above-mentioned exami- 

and individually indicated to be incorporated by rcfeienoe in 10 nation possibilities in the first mode of operation (rigid 

its entirety for all purposes. coupling between X-ray source and image converter); linear 

,^ ... r^r,^ ^wT^ w*T, ^^i^^^T tomography or oblique exposures are possible in the second 

BACKGROUND OF TOE INVENTION modcToperatioo. 

1. Field of the Invention The first and the second OKxle of operation can be 
The invention relates to an X-ray examination apparatus implemented by means of the following embodiments. 

which includes a patient table which is tillable about a When the carriage supporting the unit for adjusting the slice 

horizontal axis, an image converter arrangement which is height is displaced (first mode of operation), the described 

displaceable in the longitudinal direction ofthe table, and an X-ray fluoroscopy or Bucky exposures arc possible, 

overtable X-ray source which is aligned with respect thereto. However, when the carriage is blocked relative to the patient 

2. Description of Related Art ^ table, the X-ray source and the image converter arrangement 
X-ray examination apparanis of this kind are known in displaced in opposite directions. This enables, for 

practice, for example the Philips apparatus "DIAGNOST example obUque exposures A preferred embodiment of the 

120'\ The X-ray source and the image converter arrange- invention enables the position of the examinaUon zone to be 

ment thereof are accommodated on a carriage which is changed in the first mode of operation and linear tomogra- 

displaceablc in the longitudinal direction of the table. Such P^V ^ be performed in the second mode of operation, 

an X-ray examination apparatus has a comparatively com- Yet another embodiment takes into account the fact that 

plex construction and it is suitable for different examination the image converter arrangement usually utilizes separate 

methods to a limited extent only. image converters for X-ray fluoroscopy and X-ray expo- 

TTiercfbie, it is an object of the present invention to 30 ^ possible in principle to use an additional 

construct an X-ray examination apparatus of the kind set carriage for the unit for sUce height adjustment 

forth in such a manner that a simple construction is obtained A preferred embodiment has a construction which is 

which nevertheless enables more universal application. mechanically simpler and also more stable. A further 

CTIMX4 ADv nc TUB iMvuhTTinM embodiment enables very simple changing over between the 

SUMN4ARY OF THE INVENTION ^ ^^^^ operation. When the two carriages are dis- 

This object is achieved according to the invention in that placed at the same speed (or when both carriages stand still), 

the X-ray source is mounted on a horizontally displaceable X-ray fluoroscopy or Bucky exposures are possible (first 

stand so as to be displaceable in the vertical direction and mode of operation). When the second drive device has been 

can be coupled, via a mechanical coupling member, to the deactivated and the first drive device acts on the carriage 

patient table in sudi a manner that upon tilting of the patient 40 coupled to the coupling member, linear tomography can be 

table the stand and the X-ray source are displaced in such a performed. A common drive motor can be used for the two 

manner that the distance between and the alignment of the drive devices, said motor acting, via a coupling that can be 

image converter arrangement and the X-ray source with activated and deactivated, on a drive member in the form of, 

respect to one another remain the same. for example a drive ^indle. 

Thus, the X-ray examination apparatus according to the 45 _ 

invention includes, in addition to the patient table with the BRIEF DESCRIPnON OF THE DRAWINGS 

image converter arrangement, which is displaceable in the inventk)n will be described in detail hereinafter with 

longimdinal direction of the Uble, a stand which is slidable reference to the drawings. Therein: 

in the horizontal direction and on which the X-ray source is - . . , , i- 

. t j t-1 ♦ i_ 1 J- FIG. 1 IS a front view or a first cmbodmicnt, 

moimted so as to be shdable m the vertical direction. The 50 

coupling member enables the patient Uble and the X-ray FIG, 2 is a side elevaUon taken m the Bucky mode, 

source to be coupled to one another in such a manner that in FIG. 3 is a side elevation taken in the fluoroscopy mode, 

response to a tilting motion of the patient table the stand is FIG. 4 is a side elevation taken in the case of oblique or 

displaced in the horizontal direction and the X-ray source is slice exposures, 

displaced in the vertical direction, the distance between and 55 piG. 5 is a side elevation taken with a borizonUl beam 

the alignment of the imagie converter and the X-ray source p^th (in the longitudinal direction of the table), 

with respect to one another remaining the same. All cus- p,G. 6 is a side elevation taken with a horizontal beam 

tomary fluoroscopy methods can be executed by means of (transversely of the longitudinal direction of the table), 

such an X-ray apparatus. Moreover, the X-ray exanunabon *^ ^\ ^ . \ , * 

apparatus according to the invention is also suiuble for « ^ possibiliues of movement of the appa- 

executing Bucky exposures with a vertical beam path. The tomography, 

displaceability of the stand enables the use of a patient table FIG. 8 shows a part of a firont view of an improved 

which is not provided with a "floating" table top but with a embodiment, 

table top which is fixed relative to the table frame, resulting FIG. 9 shows the rcsuhant range of movement for 

in a substantially simpler construction. 65 tomography, and 

When the coupling member is decoupled torn the X-ray FIG. 10 is a partial front view of a further improved 

source, further possibilities arise. In an embodiment. X-ray embodiment. 
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DESCRIPTION OF THE PREFERRED and 11, is displaced io the longitudinal direction of the table, 

EMBODIMENT the X-ray tube is moved along, via the coupling member 3, 

•n» X^y examinattoa apparatus shown in FIG. 1 has ^ such a manner that the diaance between and the align- 

three main oompooents: a patient table 1, a sttnd 2 and a converter device 7 (or 9) and the X-ray 

coupling member 3 ^ source 5 relative to one another remain the same. 

n» sleepers 12 of a table frame are mounted on the base ^ \ ^^?^ .^"^l «^«»tion apparatus with a 

la (FIG. 2) of the patient Uble 1 so as to be rotatable about honzontal table top in a forther mode of operation, lbs 

the axis 21. lie frame is completed by the crossbars 22 mode of operaMn is obumed when the carriage U is locked 

(HO. 2) which intercomnect the sleepers. A table top 10 is ,„ (^°' ^P^' ""'^ ^ °' P'^l'^'' 

mounted on the crossbars 22. Three carriages are displace- '° «PPcr deeper 12) and hence is blocked relative to the paUent 

able in the tongitodinal direction of the sleepets 12: a «^8P « wilh the miage mtensifier is then 

carriage 8 for an image intensifier 7 for carryins out displaced, the coupling rod is taken along (via the tninmon 

fluoroscopy, a moving grid caniage 9 for forming X-ray }^Tr'^^ ^^l tilted about the 

(Bucky) images on a film cassette present therein, and a „ tocked (mmiobitod) pivot 15 so that the stand 2 is dis- 

carriage 11 for a unit 11a for adjusting the slice height which °«^8 gnd carrHge 9 is taken alon& 

is also referred to hereinafter as sliti unit or fulcrum. yiattefrumiionsM solhatanobhqueprqecu^ 

^ ... ... m whidi the central ray IS always aimed at the center of a 

The stand 2 is guided on raib 19 and 20 which are I„ .k. o 

... , „ , , / ..V . nun cassette provided m the moving gnd carnage S. 

provided on the floor and on the ceiling (or a wall) and „„ , . ^ . « . 

extend pardlel to the longitudinal direction of the table (in ^ '"^'^8 gnd ca„,age 9 is continuoudy 

the borizonUl position of the table top). A carriage 18 is '''^P'f'*'^' ^'^^ ^8, m such a manner that the 

coupled to a counterweight (not shown) and coupled to the couphng member 3 "s moved from its position shown to the 

sund so as to be displaceable in the vertical direction. An Pf^"!"" <^°°^<iby a dashed hne, a slice image with a hnear 

arm 4 of the carriage 18 supports an X-ray source 5 with a ^^"^"^^ f (^^""^l tomography) can be formed dunng 

multi-leaf coUimat^r 6. The ^4 is rotatable, by way of a „ displacement. When the height of the hinge or the 

rotary bearing 16. about its (horizontal) tongihidinal axis " fo^pl^g PO^nt 13 is shifted, the height of the shcc sharply 

and L rotary bearing 16 itself can pivot on t^ carriage 18 'f'^g"' '^'^S. a shcc exposure changes accordmgly. When 

about a vertical axis 17 the couphng pomt 13 is moved sufficiently far downwards, 

, * , J J oblique fluoroscopy, diuing which the central ray is incident 

Tne oouplmg member 3 couples the arm 4 and the three , * r ^if • • * -c - i -ui 

J, S °, . , \, * . 1.1 1 . at the center of the image intensifier 7, is also possible, 

afore-mentioned carnages m the patient table 1 to one xn „„ . . . ^ , . , , / , . 

another. The coupling member 3 may be a rod. but other Whereas the carnage is fixed on the table 1 during the 

devices providing a mechanicaUy defined coupling between operation shown m FIG. 4. the three 

the aim 4 and the carriage are also feasible. The coupling carnages 8. 9. 11 are ngidly coupled to one another in the 

member 3 is connected to the sUce unit 11a via a hinge 13 ■°°''«' °E operation as shown in FIG. 2 or HO. 3 so that 

whose height can be adjusted. Ftarthermoie, via the coupUng 35 when the carnage 8 is displaced the carnages 9 and 11 are 

bolts 14 and 15 it is coupled to the carnages 9 and 8 so that d^placed and take along the sund 2 via the couphng 

these carriages are taken along upon movement of the member 3. 

couphng rod relative to the patient table. These coupling Further possibilities arise when the couphng member 3 is 

means (11, lla, 14, 15 and further components) enable the decoupled from the arm 4. 

selection of two different modes of operation which will be 40 As is shown in FIG. 5, the stand 2 can be- displaced 

described in detail hereinafter with reference to the follow- beyond the patient table, and the X-ray source 5 can be tilted 

ing Figures. 9& in the rotary bearing 16 (see FIG. 1), so that lateral 

FIG. 2 shows the X-ray examination apparatus with the exposures can be performed on a wall stand (not shown), 

table top 10 in a horizontal position in a mode of operation Using the carriage 18 (FIG. 1), the X-ray source 5 can then 

which is suitable for forming Bucky images, the stand being 4s verticaUy displaced to arbitrary positions as denoted by 

shown in a first aixl in a second working position. The dashed lines in FIG. 5. 

displacement between these two working positions can be FIG. 5 also diagrammatically shows the afore-mentioned 
realized by means of a spindle drive 28 (FIG. 1) whereby the balancing. It includes a counterweight 50 which balances the 
carriage 8 and, via the coupling member 3, the carriages 9 weight of the carriage 18, including the arm 4 and the X-ray 
and 11 as well as the arm with the stand are displaced. 50 source 5. If the counterweight 50 were movable within the 
Instead of such a spindle drive, driven by a suitable motor, stand in the opposite direction relative to the X-ray source 5, 
use can also be made of a chain drive or a toothed rack which it would also have to be moved during a displacement of the 
co-operates with a gearwheel driven by a motor. stand. However, the coimterweight is connected to a fixed 
FIG. 3 shov^ the X-ray examination apparatus in a poim 56 via a rope 51 which is guided via a (fixed) roller 52 
wodcing position for X-ray fluoroscopy. The frame 12, 22 55 on the wall or the ceiling, a first roller 53 on the stand 2, a 
and the table top then occupy an inclined position relative to roller 54 on the carriage 18 and a second roller 55 on the 
the horizontal. This tilting of the table is performed by stand 2. When this roller arrangement is used, the counter- 
means of a drive motor 31 which drives, via a chain 35, a weight can cbangje its position in space only in the vertical 
gearwheel 33 and two guide rollers 34, a segment 32 which direction, but not in the horizontal direction. This offers the 
is connected to the frame 12, 22. In response to a tilting 60 advantage that it need not be moved and accelerated upon 
motion, the couphng member 3 causes a displacement of the displacement of the stand 2. 

stand to the right or to the left and at the same time a FIG. 6 shows a second possibility for exposure in the 

displacement of the carriage 18 with the X-ray source 5 in decoupled state. This possibihty occurs when tbe arm 4 is 

the upwards or downwards direction, the distance between tilted about the vertical axis 17 (FIG. 1) and is subsequendy 

and the alignment of the image converter device 7 (or 9) and 65 rotated 90* about the horizontal axis. A horizontal beam path 

the X-ray source 5 relative to one another remaining the which extends perpendicularly to the longiUidinal direction 

same. When the carriage 8, and hence also the carriages 9 of the table is then obtained. 
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FIG. 8 is a front view of an improved embodiment of the 
invention; the Figure shows essentially only the patient 
tabic. 

Whereas in the embodiment shown in FIG. 1 the slice unit 
IXa is supported by the carriage 11 and the image intensifier ^ 
7 is supported by the separate carriage 8, in the embodiment 
shown in FIG. 8 a common carriage 40, ensuring more stable 
guiding of the slice unit, is provided for the slice unit 11a 
and the image intensifio- 7. For the tilting or displacement of 
the coupling member 3, a drive carriage 41 is provided oo 
the bwer side of the left-hand bwer sleeper 12, which drive 
carriage acts on the lower end of the coupling member, via 
the coupling bolts 15, and is linearly guided in the longitu- 
dinal direction of the table. A spindle drive 42 (or a chain 
drive or the like) acts on the drive carriage 41, the behavior t5 
being dependent on whether the carriage 40 is coupled to the 
coupling member 3 (heavy connection to the point A) or to 
the sleeper 12 (thin coupling to the point B on the sleeper 
12), so that the carriage 40 caimot be displaced. 

When the carriage 40 is coupled to the coupling member 
3 (at the point A), the carriage 40, the coupling member 3 
and the carriage 9 are displaced in the same sense (in the 
same direction and over the same distance) in conformity 
with FIG. 2 or FIG. 3 (first mode of operation). When the 
carriage 40 is coupled to the point B, i.e. fixed relative to the ^ 
sleeper 12, the drive carriage pivots, via the coupling bolts 
15, the coupling member 3 about the hinge 13 in conformity 
with FIG. 4. It is an advantage that the image intensifier 7 is 
not moved simultaneously (the carriage 40 is then 
stationary), so that the drive 42 need not provide accelera- 
tion or braking forces for this purpose. This is because the 
image intensifier 7 is not required for slice exposures. 

A further advantage resides in the increased region within 
which slice exposures can be performed. 

FIG. 7 shows diagrammatically the circumstances for the 
apparatus shown in FIG. 1. It appears that for slice exposures 
the slice unit lla can be moved to the positions at the bead 
or the foot shown in FIG. 7 only while avoiding a collision 
between the image intensifier 7, or the carriage supporting it, ^ 
and the crossbars 22 (FIG. 2) at the bead end and the foot end 
of the patient table. Areas which are situated further at the 
head end or the foot end are not accessible for slice expo- 
sures; this is a drawback notably when, as specified, the table 
top 10 cannot be displaced relative to the frame. 

FIG. 9, however, shows the circumstances in the embodi- 
ment shown in FIG. 8. It appears that the extreme positions 
at the head end and the foot end may be situated significanUy 
further apart than in FIG. 7, because it is not necessary to 
move the voluminous image intensifier 7 and the carriage 40 50 
supporting it, but only the comparatively narrow drive 
carriage 41 which is guided underneath the left-hand lower 
sleeper. The part of a patient that can be imaged by the slice 
exposures is thus significantly enlarged. 

FIG. 10 shows an improvement of the embodiment shown 55 
in FIG. 8. The improvement consists in that the carriage 40 
can be displaced via a spindle drive 43 (or a chain drive or 
a toothed rack). The following modes of operation are then 
possible. 

In the first mode of operation, both the drive 42 for the 60 
carriage 41 and the drive 43 for the carriage 40 are activated 
in such a manner that the two carriages 40 and 41 are 
displaced in the direction of the head end or the foot end of 
the table at the same speed. The coupling member 3 is then 
displaced laterally and takes along the stand. In this mode of 6S 
operation it is possible to perform Bucky exposures in 
conformity with FIG. 2 or X-ray fluoroscopy in conformity 
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with FIG. 3, the X-ray source then being displaced parallel 
to the relevant longitudinal direction of the table. 

In the second mode of operation, the spindle drive 43 is 
activated, Le. the carriage 40 cannot be displaced relative to 
the sleeper 12, whereas the spindle drive 42 can act on the 
carriage 41. As a result, the coupling member 3 is pivoted 
about the pivot 13, and a slice exposure in conformity with 
FIG. 4 or FIG. 9 is performed. 

The advantage of this embodiment resides in the fact that 
it is not necessary to lock the various carriages or the 
coupling member 3 to one another in dependence on the 
mode of operation, as in the embodiments shown in the 
FIGS. 1 and 8. Moreover, switching over between the two 
modes of operation is simply possible by means of switches 
provided in appropriate locations. A common drive motor 
may in principle be provided for the two spindle drives 42 
and 43, said motor acting on the spindle drive 43 via a 
coupling which can be electrically activated and deactivated, 
since either the two drives operate in synchronism (first 
mode of operation) or only the drive 42 is activated (second 
mode of operation). 

What is claimed is: 

1. An X-ray examination apparatus which includes 

a patient table which is tiltable about a horizontal axis, 
an image converter arrangement which is displaceable in 

the longitudinal direction of the table, 
an overtable X-ray source which is aligned with respect 

thereto, 

a stand which is displaceable in the longitudinal direction 
of the table, and 

wherein the X-ray source is mounted on the stand so as to 
be displaceable in the vertical direction and can be 
coupled, via a mechanical coupling member, to the 
patient table in such a manner that upon tilting of the 
patient table the stand and the X-ray source are dis- 
placed in such a manner that the distance between and 
the alignment of the image converter arrangement and 
the X-ray source with respect to one another remain the 
same. 

2. An X-ray examination apparatus as claimed in claim 1, 
characterized in that the X-ray source is mounted on a 
horizontal arm which is tiltable about its central axis and is 
detachably connected to the coupling member. 

3. An X-ray examinadon apparatus as claimed in claim 2, 
characterized in that the arm is connected to a carriage whidi 
is displaceable in the vertical direction on the stand. 

4. An X-ray examination apparatus as claimed in claim 3, 
characterized in that the arm is connected to the carriage so 
as to be tiltable about a vertical axis. 

5. An X-ray examination ^paratus as claimed in claim 1 
wherein there are provided coupling means whereby the 
coupling member establishes a rigid coupling between the 
X-ray source and the image converter arrangement in a first 
mode of operation and whereby the coupling member pro- 
vides a displacement in opposite directions between the 
X-ray source and at least a part of the image converter 
arrangement in a second mode of operation, and wherein in 
the first mode of operation the rigidly -coupled X-ray source 
and image converter arrangement are displaceable as a unit 
in the longitudinal direction of the table. 

6. An X-ray examination apparatus as claimed in claim 5, 
characterized in that the coupling member includes a unit for 
slice height adjustment which is coupled to a carriage which 
is displaceable in the longitudinal direction of the patient 
table, that the coupling member is hinged to the unit (dt 
adjusting the slice height at a coupling point whose height 
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can be adjusted, and that the carriage can be displaced freely 
in the first mode of operation and is blocked relative to the 
patient table in the second mode of operation. 

7. An X-ray examination apparatus as claimed in claim 6, 
characterized in that the patient table includes a drive device 5 
which acts on a carriage which is displaceable in the 
longitudinal direction of the patient table, and that the 
coupling member is coupled to this carriage at a distance 
from the coupling point. 

S. An X-ray examination apparatus as claimed in claim 5, 10 
characterized in that the image converter arrangement 
includes a fluoroscopy image converter and an exposure 
image converter whidh are mounted on a respective carriage 
which is coupled to the coupling member and is displaceable 
in the longitudinal direction of the patient table. 15 

9. An X-ray examination apparatus as claimed in claim 6 
wherein the image converter arrangement includes a fluo- 
roscopy image converter and an exposure image converter, 
wherein the fluoroscopy image converter and the unit for 
slice height adjustment are accommodated on a common 20 
carriage, 

wherein the patient table includes a first drive device 

which acts on a carriage which is displaceable in the 

longitudinal direction of the patient table, 
wherein the coupling member is coupled to this carriage ^ 

at a distance &om die coupling point, and 
wherein the coupling means couple the two cairiagjBS to 

one another in the first mode of operation and blodt the 
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carriage with the fluoroscopy image converter relative 
to the patient table in the second mode of operation. 

10. Ad X-ray examination apparatus as claimed in claim 
9, characterized in that there is provided a second drive 
device which acts on the carriage with the fluoroscopy 
image converter, and that the two drive devices are con- 
trolled in such a manner that the two carriages are displaced 
at the same speed and in the same direction in the first mode 
of operation and that the second drive device is deactivated 
in the second mode of operation. 

11. An X-ray examination apparatus as claimed in claim 
S further comprising a unit for slice height adjustment, and 
wherein the fluoroscopy image converter and the unit for 
slice height adjustment are accommodated on a common 
carriage, 

wherein the patient table includes a first drive device 
which acts on a carriage which is displaceable in the 
longitudinal direction of the patient table, 

wherein the coupling member is coupled to this carriage 
at a distance finom the coupling point, and 

wherein the coupling means couple the two carriages to 
one another in the first mode of operation and block the 
carriage with the fluoroscopy image converter relative 
to the patient table in the second mode of operation. 

***** 
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